® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



lllllllli 

0 674 455 A1 



EUROPEAN PATENT APPLICATION 
published in accordance with Art. 
158(3) EPC 



© Application number: 94929025.8 

@ Date of filing: 11.10.94 

© International application number: 
PCT/JP94/01692 

© International publication number: 
WO 95/10924 <20.04.95 95/17) 



© int. Cl. 6 : H04Q 7/38, H04B 7/005, 
H04L 27/01 



® Priority: 12.10.93 JP 254112/93 


© 


Applicant: NTT MOBILE COMMUNICATIONS 






NETWORK INC. 


© Date of publication of application: 




10-1, Toranomon 2-chome 


27.09.95 Bulletin 95/39 




Minato-ku, 


© Designated Contracting States: 




Tokyo 105 (JP) 


© 




DE GB SE 


Inventor: SUZUKI, Hiroshi 






2-28-209, Maborikaigan 






Yokosuka-shi 






Kanagawa 239 (JP) 




© 


Representative: Hoffmann, Eckart, Dipl.-lng. 






Patentanwalt 






Bahnhofstrasse 103 






D-82166 Graf elf ing (DE) 



© MULTISTATION TRANSMITTING METHOD AND RECEIVER THEREFOR. 



in 

CO 



LU 



© A signal converting section (14) converts down 
signals into two mutually pseudo-orthogonal trans- 
mission signal sequences (T1 and T2). Base stations 
(BS1 and BS2) in two adjacent zones (Z1 and Z2) 
transform the sequences (T1 and T2) into frames 
and transmit the frames through the same channel 
after adding mutually orthogonal training signals to 
the frames. A signal separating section (20) sepa- 
rates the signals received by the receiver (1 9R) of a 
mobile device (M) into signal sequences (R1 and 
R2) from the base stations by using the training 
signals (TRN1 and TRN2) corresponding to the base 
stations. Inverting circuits (31 and 32) generate two 
transmitting signal sequences (SR1 and SR2) by 
reversely converting the signal sequences (R1 and 
R2) and selectively output one of the sequences 



(SR1 and SR2) having a larger metric. 
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TECHNICAL FIELD 

The present invention relates to a multi-station 
transmission method which is used in a mobile 
-communication system and a broadcasting system 
to transmit the same signal from a plurality of 
stations with a view to holding the continuity of a 
^ignal in the vicinity of the zone boundary, and the 
invention also pertains to a receiver therefor. 

In radio communication, especially in mobile 
communication, it is necessary to implement many 
channels in a limited frequency band; hence, the 
spatial reuse of frequency is an important tech- 
nique. For example, a cellular system has been 
employed in the mobile communication. In the cel- 
lular system, the service area is divided into a 
plurality of cells, i.e., zones, and different frequen- 
cies are assigned to the cells to prevent interfer- 
ence between them, but in a bid to promote the 
spatial reuse of frequency, it is customary to assign 
the same frequency to cells at a distance long 
enough not to interfere with each other. Such a 
cellular system requires a handoff capability which 
enables the mobile station to keep up conversation 
when it moves from one cell to another, that is, 
from one zone to another. 

Fig. 1 shows the principles of a conventional 
zone switching scheme. Let it be assumed that 
zones Z1 and Z2 covered by base stations BS1 
and BS2 are adjacent and that a mobile station M 
is now moving across the boundary of the zones 
Z1 and Z2 in a direction from the base station BS1 
toward the base station BS2. Forward signals to be 
sent from the base stations BS1 and BS2 to the 
mobile station M are transmitted from a switching 
center 13 to the two base stations BS1 and BS2 
which are switched from the one to the other. A 
forward radio channel to the mobile station M is set 
first by a first channel CH1 via the base station 
BS1. When the field intensity of the first channel 
CH1 decreases with the movement of the mobile 
station M, a second channel CH2 is set as the 
forward radio channel via the base station BS2, 
while at the same time the first channel CH1 is cut 
off. Since an access channel is usually set up by 
FDMA (Frequency Division Multiple Access) or 
TDMA (Time Division Multiple Access) scheme, the 
same channel cannot used in adjacent zones. 
Hence, the two channels CH1 and CH2 use dif- 
ferent carrier frequencies. On this account, the 
channels cannot continuously be switched from 
one to the other, inevitably resulting in a momen- 
tary interruption during switching. In voice commu- 
nication this interruption can be made sufficiently 
short to such an extent as not to seriously affect 
the speech quality, but in multimedia transmission 
such as visual or data communication the momen- 
tary interruption causes significant quality deterio- 



ration because of high-speed transmission of digital 
signals in many cases. 

On the other hand, in the zone switching by a 
CDMA (Code Division Multiple Access) scheme, a 
5 scramble code is used for channel setting and the 
same carrier frequency is used in common to adja- 
cent zones. Then, when a multi-station transmis- 
sion is carried out using different scramble codes 
for the adjacent zones, signals from two base sta- 
w tions can easily be received and interruption-free 
reception is possible. However, this method is in- 
herent to the CDMA scheme and cannot be applied 
to the FDMA and TDMA schemes. Furthermore, to 
identify the respective channel defined by the 
75 scramble code, it is necessary to use a different 
scramble code for each channel. There is another 
method which, instead of changing the scramble 
code, shifts its timing to avoid overlapping of 
pulses detected by the two correlation detectors for 
20 despreading of the two base stations, but highly 
accurate transmission timing must be provided be- 
tween the base stations. 

On the other hand, a forward control signal in 
the mobile communication system needs to call up 
25 mobile stations over a wide area. To cover a wide 
area with a low transmission output, a multi-station 
transmission system is needed which divides the 
area into a plurality of zones and transmits the 
same signal to the respective zones. 
30 In the multi-station transmission system, even if 

the same signals are transmitted from the respec- 
tive zones, they do not completely match in terms 
of transmission carrier frequency and transmission 
data timing, posing a problem that the signals from 
as the plurality of zones interfere with each other at 
the boundary between them. To solve this problem, 
frequency offset type transmitter diversity or the 
like has been employed. This method is one that 
offsets the transmitter carrier frequency of each 
40 zone in the range of from 1/2 to 1/4 of the modula- 
tion band and receives the frequency offset signals 
by a differential detector at the receiving side, thus 
enabling a diversity reception. However, this meth- 
od has disadvantage in that if the data timing is not 
45 the same, interference will occur and that the fre- 
quency offsetting enlarges the receiving band width 
correspondingly, making it hard to implement a 
narrow-band communication. 

An object of the present invention is to provide 
50 a multistation transmission method and a receiver 
therefor which, regardless of the access scheme 
used, allow zone switching free from signal dis- 
continuity and enable simultaneous reception of 
identical signals from a plurality of base stations 
55 without widening the receiving band, thereby im- 
plementing highly reliable reception based on the 
diversity effect. 
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DISCLOSURE OF THE INVENTION 

In a mobile communication system in which 
the service area is broken up into a plurality of 

*- zones each having a base station and a mobile 
station performs communication via the base sta- 
tion of its visited zone, the multi-station transmis- 

* sion method according to the present invention, 
' which transmits the same signal from the base 
station of the visited zone and the base station of 
at least one adjacent zone when the mobile station 
moves across the boundary between its visited 
zone and the adjacent zone, comprising the steps 
wherein: 

(a) the same forward signal sequence destined 
to the mobile station is transmitted to N base 
stations including the base station of the mobile 
station's visited zone and the base station of at 
least one adjacent zone, the N being an integer 
equal to or greater than 2; 

(b) the N base stations each converts the for- 
ward signal sequence to a transmission signal 
sequence and add predetermined pseudo-ortho- 
gonal training signals to the transmission signal 
sequence for each frame to generate a framed 
signal sequence; 

(c) the N base stations each send the framed 
signal sequence by a transmission radio wave of 
the same channel; and 

(d) said mobile station receives the transmitted 
radio wave from each base station, then sepa- 
rates it into N transmitted signal sequence from 
the N base stations through utilization of the 
previously known N training signals and obtains 
a desired received signal sequence from the 
transmitted signal sequences. 

The receiver according to the present invention 
is provided with: separating means which separates 
received waves of the same channel by their train- 
ing signals into a plurality of signal sequences 
corresponding to the training signals, respectively; 
inverse transformation means which subject these 
separated signal sequences to transformation in- 
verse from that effected thereon at the transmitting 
sides to restore the original signal sequences; and 
means which outputs that one of the restored sig- 
nal sequences which is high in reliability at the 
time of separation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the principles 
of a conventional zone switching scheme; 
Fig. 2 is a block diagram illustrating the trans- 
mitting side in an embodiment of the present 
invention; 

Fig. 3A is a diagram showing the construction of 
a signal transformation part 21 in Fig. 2 when it 



is implemented by an interleave scheme using 
memories; 

Fig. 3B is a diagram showing the construction of 
the signal transformation part 21 when it is im- 

5 plemented by a scramble scheme; 

Fig. 4 is a diagram showing the frame configura- 
tion of a transmission signal; 
Fig. 5 is a block diagram of the receiving side in 
an embodiment of the present invention; 

70 Fig. 6A is a block diagram of a nonlinear inter- 
ference canceller forming the principal part of a 
signal separation part; and 

Fig. 6B is a block diagram illustrating a linear 
interference canceller. 

15 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

In Fig. 2 there is illustrated the base station 
20 side of an embodiment according to the present 
invention. At the base station side, a forward input 
signal Dl destined for a mobile station M is input 
into a signal transformation part 14 from a switch- 
ing center 13. The forward signal Dl is transformed 
25 by the signal transformation part 14 into two dif- 
ferent transmission signal sequences T1 and T2. 
This transformation is intended to enable the two 
transmission signal sequences T1 and T2 to be 
regarded as statistically independent (i.e., ortho- 
30 gonal or pseudo-orthogonal) signal sequences 
which have substantially zero cross-correlation of 
±10 symbols or so; this is done by interleaves of 
different sizes, for example. The transformation by 
interleaving is performed, as schematically shown 
35 in Fig. 3A, by writing the signal sequence Dl into 
memories 14M1 and 14M2 of different sizes in the 
row direction as indicated by the broken line ar- 
rows and then reading out the memories 14M1 and 
14M2 in the column direction as indicated by the 
40 full-line arrows. By using memories of the same 
size but different in the length-to-width * ratio, the 
interleaved signal sequences T1 and T2 becomes 
pseudo-orthogonal. Moreover, even if a burst-like 
error is induced on the transmission line, it is 
45 dispersed when the original signal sequence is 
restored by inverse transformation; hence, error 
correction is effectively made. Alternatively, the in- 
put signal Dl may be divided into two transmission 
signal sequences T1 and T2 one of which is inter- 
so leaved but the other of which is not. 

Another method of generating signal se- 
quences of substantially zero cross-correlation is 
shown in Fig. 3B, in which the transmission signal 
sequences T1 and T2 are generated by scrambling 
55 the input signal Dl in scramblers 14S1 and 14S2 
with different scramble codes SC1 and SC2 from 
scramble code generating parts 14C1 and 14C2. 
Also in this case, only one of the transmission 
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signal sequences T1 and T2 may be formed by a 
scrambled version of the input signal Dl. Inciden- 
tally, the signal transformation part 21 may be 
provided in the switching center 13, or its respec- 
tive components may be provided in the corre- 
sponding base stations BS1 and BS2, or it may be 
provided singly. According to the present invention, 
^as referred to later on, the training signals that are 
added to each frame in the base stations BS1 and 
BS2 need only to be at least orthogonal to each 
other and the signal transformation part 21 may be 
omitted. In such an instance, the input signal Dl is 
applied to framing circuits 21 and 22 of the base 
stations BS1 and BS2. The signal transformation 
part 14 may add an error correcting code to each 
transmission signal sequence, if necessary. 

These transmission signal sequences T1 and 
T2 are sent to the base stations BS1 and BS2 in 
adjacent zones 21 and Z2, respectively. In the 
base stations BS1 and BS2, the transmission signal 
sequences T1 and T2 are converted by framing 
circuits FR1 and FR2 to framed signal sequences 
F1 and F2, respectively. In the present invention, 
as shown in Fig. 4, different and inherent training 
signals TRN1 and TRN2, which are held in regis- 
ters RG1 and RG2 in the base stations BS1 and 
BS2, are added to transmission data DATA (the 
transmission signal sequences T1 and T2) of a 
fixed length to form respective frames. The training 
signals TRN1 and TRN2 used are those which 
orthogonal or pseudo-orthogonal to each other, that 
is, signals such that the sum of multiplied values of 
corresponding symbols of the training signals 
TRN1 and TRN2 is substantially zero. 

By using such signals of excellent orthogonal- 
ity as the training signals TRN1 and TRN2, it is 
possible to increase the accuracy of coefficient 
setting (setting of a tap coefficient or setting of a 
weight coefficient) which is accompanied by cor- 
relation processing in a signal separation part 20 in 
Fig. 5 described later on. In the case where inter- 
symbol interference occurs owing to a delay time 
dispersion in a multi-path propagation path, how- 
ever, equalization processing is involved in the 
signal separation part 20, hence respective multi- 
path components must be separated. To meet this 
requirement, the training signals TRN1 and TRN2 
need to be excellent in auto-correlation characteris- 
tic as well as in orthogonality. That is, the autocor- 
rection function of each of the training signals 
TRNi and TRN2 may preferably be a function 
which has a sharp peak at a position corresponding 
to a time difference 0 (a phase difference 0) but 
becomes negligibly small in other regions. The 
training signals of excellent auto-correction can be 
used as signals for timing regeneration. Since the 
above-said two characteristics, that is, the ortho- 
gonality and the auto-correction property, influence 
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each other, it is desirable to optimize them in the 
system employing the present invention. 

The framed signal sequences F1 and F2 gen- 
erated by the framing circuits FR1 and FR2 in Fig. 
2 are converted by transmitters TR1 and TR2 to 
modulated waves C1 and C2, respectively, which 
are transmitted via transmitting antennas ANT-T1 
and ANT-T2. Let it be assumed that the two modu- 
lated waves C1 and C2 use the same channel 
10 selected from a channel group of FDMA, TDMA 
and CDMA schemes. Furthermore, suppose that 
the transmitting antennas ANT-T1 and ANT-T2 are 
so distant from each other that when the two mod- 
ulated waves C1 and 02 are received by the mo- 
75 bile station M, their variations by radio wave propa- 
gation can be sufficiently independent of each oth- 
er. 

Fig. 5 is a block diagram illustrating the con- 
struction of each mobile station M. The mobile 
20 station M simultaneously receives the modulated 
waves C1 and C2 of the same channel as their 
combined wave by a receiving antenna ANT-R. 
The received signal is demodulated by a receiver 
19R and the resulting base band signal is outputted 
25 therefrom as a digital signal. The base band signal 
is applied to a signal separation part 20 wherein it 
is amplified and then separated into received signal 
sequences R1 and R2 corresponding to the modu- 
lated waves C1 and C2. This separation uses the 
30 training signals contained in each modulated 
waves, and the separation can be carried out using 
the technique of what is called an interference 
canceller. The interference canceller schemes can 
be classified into a nonlinear interference canceller 
35 and a linear interference canceller. When only one 
receiving antenna ANT-R is used as in the case of 
Fig. 5, only the nonlinear interference canceller is 
applicable. When two or more receiving antennas 
are used, either of the nonlinear and linear interfer- 
40 ence cancellers can be used. 

The operation of the linear interference cancel- 
ler is disclosed in detail in R. T. Compton, Jr., 
"Adaptive Antennas, Concept and Performance". 
Prentice-Hall, 1988 or Suzuki, "Signal Transmission 
45 Characteristics in Least Square Combining Diver- 
sity Reception", Journal of the Institute of Electron- 
ics, Information and Communication Engineers of 
Japan, B-ll, vol. J75-B-II, No. 8, pp. 524-534, Au- 
gust, 1992; the operation of the nonlinear interfer- 
50 ence canceller is described in detail in Hitoshi 
Yoshino and Hiroshi Suzuki, "Adaptive Interference 
Canceller Extended from RLS-MLSE", Technical 
Report of the Institute of Electronics, Information 
and Communication Engineers of Japan, Technical 
55 Report RCS92-120 (1993-01). In either case, re- 
ceived signals from a predetermined number of 
base stations which can be predicted are separated 
into individual received signals, the received sig- 
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nals except a noted desired received signal are 
regarded as interference signals, and these sepa- 
rated interference signals are subtracted from the 
received signals of the combined received wave, 

* by which the background noise of the desired 
received signal is remarkably reduced. The present 
invention separates all the received signals by 

f similar processing, regarding the individual re- 
ceived signals as desired received isignals. 

The separated received signal sequences R1 
and R2 are provided to inverse transformation cir- 
cuits 31 and 32, wherein they are subjected to the 
inverse transformation processing shown in Fig. 3A 
or 3B, by which transmitted signal sequences SR1 
and SR2 are obtained as received signal se- 
quences. The received signal sequences SR1 and 
SR2 are fed to a signal reconstruction part 33, 
which selects one of the received signal sequences 
on the basis of likelihood values MV and M2 f 
corresponding to estimated errors obtained in the 
signal separation processing in the signal separa- 
tion part 20 and outputs the selected signal se- 
quence to an output terminal OUT. 

Next, a description will be given of an example 
of the basic configuration of the interference can- 
celler in the signal separation part 20. Fig. 6A is a 
block diagram of the non-linear interference cancel- 
ler and Fig. 6B a block diagram of the linear 
interference canceller. In the nonlinear interference 
canceller of Fig. 6A, a sample value Y(n) of the 
base band signal, obtained by the detection of the 
combined wave of the two modulated waves C1 
and C2 by the receiver 19R, is provided as an 
input signal to an input terminal 2T. On the other 
hand, upon each application of the input signal Y(n) 
to the input terminal 2T, a maximum likelihood 
sequence estimator 24 generates two signal se- 
quence candidates (code sequence candidates) 
CSC1 and CSC2 each having a predetermined 
number of states for signal transition and provides 
them to replica generators 22R1 and 22R2. The 
replica generators 22R1 and 22R2 are formed by 
transversal filters to which parameters for estimat- 
ing the channel characteristics of the modulated 
waves C1 and C2, that is, impulse responses H1 
and H2 of respective channels, are provided as tap 
coefficients; the replica generators generate es- 
timated signals or replicas RP1 and RP2 by inner 
product calculations (convoluting calculations) of 
the signal sequence candidates CSCi and CSC2 
and the tap coefficients H1 and H2. 

These replicas RP1 and RP2 are provided to 
subtracters 21 A1 and 21 A2, wherein they are sub- 
tracted from the input signal Y(n) to obtain an 
estimation error this processing is repeated lor 
all candidates of the two signal sequences. As a 
result, two code sequence candidates, for which 
the square \e\ 2 of the estimation error available for a 



likelihood calculation part 23, are determined as 
two most likely code sequences and estimated 
transmitted signals R1 and R2 are provided to 
output terminals on the basis of such code se- 

s quences. At the same lime, metrics M1 and M2 of 
the code sequences are calculated from the es- 
timation error e and are outputted. The maximum 
likelihood sequence estimation method is de- 
scribed in the aforementioned literatures and is 

10 disclosed in detail in PCT Application Publication 
WO94/17600 (published August 4, 1994) as well. 
For example, the Viterbi algorithm may be used as 
one of the maximum likelihood sequence estima- 
tion algorithms. 

75 The mobile station M (Fig. 2) holds in registers 

27G1 and 27G2 training signal patterns TRN1 and 
TRN2 of the visited zone 21 and the adjacent zone 
22 received from the base station BS1 via a control 
channel. Alternatively, the mobile station M 

20 prestores, as a table in a memory, the training 
signal patterns TRN1, TRN2, ... corresponding to 
identification numbers assigned to the zones Z1, 

Z2 in which case the training signal patterns 

are read out from the table by use of the identifica- 

25 tion numbers of the zone Z1 and the adjacent zone 
Z2 received via the control channel from the base 
station of the visited zone Z1 and are set in the 
registers 27G1 and 27G2. During the reception of 
the training signals TRN1 and TRN2 in each frame 

30 by the receiver 19R of the mobile station M, the 
respective training signal patterns TRN1 and TRN2 
are provided from the registers 27G1 and 27G2 to 
the channel parameter estimation part 25 and the 
replica generators 22R1 and 22R2 via switches 

35 26S1 and 26S2. 

The replica generators 22R1 and 22R2 are 
controlled by the tap coefficients H1 and H2 pro- 
vided thereto to generate replicas (estimated re- 
ceived signal training signals) of the received sig- 

40 nals from the training signal patterns TRN1 and 
TRN2 and provide the replicas to the subtracters 
21 A1 and 21 A2. The parameter estimation part 25 
determines, for example, by an adaptive algorithm, 
the tap coefficients H1 and H2 for the training 

45 patterns TRN1 and TRN2 in such a manner as to 
minimize the power |*| 2 of the estimation error 
signal. The replica generators (transversal filters) 
22R1 and 22R2, supplied with such tap coefficients 
H1 and H2, are regarded as simulating the char- 
so acteristic (impulse response) of the channels over 
which the modulated signals C1 and C2 propagate, 
respectively. During the reception of the data DATA 
in the received frame, the tap coefficients H1 and 
H2 determined as mentioned above are provided to 

55 the replica generators 22R1 and 22R2 and the 
maximum likelihood sequence estimator 24 makes 
a maximum estimation of a pair of transmitted 
signal sequences (transmitted data) as described 
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previously. Furthermore, the maximum likelihood 
sequence estimator calculates and outputs the 
metrics (the reliability of the estimated signal se- 
quences) M1 and M2 of the decision paths from 
-the likelihood (1/\e\ 2 f for example) used for the de- 
cision of the signal sequences R1 and R2 by a 
known method. When the input signal sequence is 
transformed in the signal transformation part 14 to 
the transmission signal sequences T1 and T2 
which are pseudo-orthogonal to each other as de- 
picted in Fig. 2, the tap coefficients H1 and H2 can 
be corrected, as required, in the above-described 
fashion to minimize the estimation error power |«| 2 
again through utilization of the two decided trans- 
mitted signal sequences during the data DATA 
receiving period. In the example of Fig. 6A, the 
metrics M1 and M2 are the same value. While in 
the above the operation by a single branch has 
been described, the configuration of diversity re- 
ception is also possible, in which case, too, the 
interference canceller similarly operates. 

Fig. 6B shows the case where the signal sepa- 
ration part 20 is formed by the linear interference 
canceller. In this instance, combined received 
waves received by two receiving antennas ANT-R1 
and ANT-R2 are converted by receivers 19R1 and 
19R2 to base band signals Y1 and Y2, respectively, 
which are applied to input terminals 2T1 and 2T2 
of the signal separation part 20. These base band 
signals Y1 and Y2 are weighted with weighting 
factors Wn and W12 in weighting circuits 21 Wn 
and 21Wi2, respectively, and are added together in 
an adder circuit 22A1, the output of which is pro- 
vided as an estimated signal for the one transmit- 
ted modulated signal C1. The estimated signal 
output is fed to a decision circuit 24D1, wherein it 
is decided to be larger or smaller than a threshold 
value and from which it is provided as the trans- 
mission signal sequence R1 to an output terminal. 
The difference (an estimation error) between the 
input and the output signal of the decision circuit 
24D1 is detected by a difference circuit 23E1 and 
is outputted as the metric signal Ml. 

During the period of receiving the training sig- 
nals in the transmitted frame, the training signal 
pattern TRN1 is provided, as a substitute for the 
decided output, to the difference circuit 23E1 from 
the register 27G1 via the switch 26S1 and a control 
circuit 25C1 determines the weighting factors W1 ! 
and Wi 2 in such a manner as to minimize the 
square | € | of the absolute value of the difference. 
The thus determined factors Wn and Wi 2 are 
used to perform a weighted addition of the re- 
ceived signals Y1 and Y2 during the period of 
receiving the data in the transmitted frame, by 
which the estimated transmitted signal R1 can be 
obtained. The reason for which the difference out- 
put from the difference circuit 23E1, that is, the 



error component t, becomes small is that the mod- 
ulated wave C2 is cancelled. 

Similarly, the signals Y1 and Y2 from the input 
terminals 2T1 and 2T2 are weighted by weighting 
5 circuits 21W 2 * and 21W 22 , respectively, and are 
added together by an adder circuit 22A2, and the 
added output is subjected to a level decision by a 
decision circuit 24D2. In the training signal receiv- 
ing period the training signal pattern TRN2 from 
70 the register 27G2 is provided via the switch 26S2 
to a difference circuit 23E2, by which the difference 
between the training signal pattern and the output 
from the adder circuit 22A2 is obtained. The weigh- 
ting factors W 21 and W 22 are determined by a 
15 control circuit 25C2 so that the difference becomes 
minimum. By performing a weighted addition of the 
input signals Y1 and Y2 through use of such weigh- 
ting factors during the period of receiving the data 
DATA in the received frame, the modulated wave 
20 C1 is cancelled and the transmitted signal se- 
quence R2 is outputted. In the example of Fig. 6B 
the metric signals M1 and M2 differ from each 
other. It is also possible that the sum of squares of 
the two metric signals M1 and M2 is distributed as 
25 a common metric signal as in the Fig. 6A example. 

Thus, during the reception of the training sig- 
nals the tap coefficients H1 and H2 are correctly 
set by the channel parameter estimation part 25 in 
Fig. 6A, or in Fig. 6B the weighting factors W n , 
30 Wi 2 , W 2 i and W 22 are correctly determined. 

In the interference cancellers of Figs. 6A and 
6B, when the one modulated wave, for example 
C1, is extracted, the other modulated wave 02 is 
handled as an interference wave-by this, the de- 
35 modulated transmitted signal sequences R1 and 
R2 corresponding to the transmission signal se- 
quences T1 and T2 contained in the respective 
modulated wave are extracted. The thus extracted 
transmitted signal sequences R1 and R2 are pro- 
40 vided to the inverse transformation circuits 31 and 
32, wherein they are subjected to a transformation 
inverse from that in the signal transformation part 
14 (Fig. 2) at the transmitting side; thus, the re- 
ceived signal sequences SR1 and SR2 are gen- 
45 erated. When the signal transformation part 14 at 
the transmitting side carrier out such interleave as 
shown in Fig. 3A, two memories of different sizes, 
similar to those in Fig. 3A, are provided in the 
inverse transformation circuits 31 and 32, respec- 
50 tively, and are configured so that the received 
signal sequences R1 and R2 are read in the col- 
umn direction and read out in the row direction, 
just opposite in direction from that in Fig. 3A. When 
the transmitting side adopts the signal transforma- 
55 tion by the scramble codes SC1 and SC2 as 
shown in Fig. 3B, correlators are provided in the 
inverse transformation circuits 31 and 32 to obtain 
correlations between the received signal sequences 

6 
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R1 and R2 and the scramble codes SC1 and SC2. 

The metric signals M1 and M2 representing the 
reliability of the signal sequences at the time of 
their separation, which are provided from the inter- 
" ference canceller in the signal separation part 20, 
are outputted in synchronization with the signal 
sequences SR1 and SR2. The metric is expressed 
r, by level or the inverse of the estimation error 
in the separation processing or its square or nega- 
tive -|€| or -|fp; the larger the value, the higher the 
reliability. Moreover, in the inverse transformation, 
general metric values M1' and M2' of the received 
signal sequences SR1 and SR2 are generated us- 
ing the metric used for error correction decoding. If 
the transformation in the signal transformation part 
14 is a mere reversal of the order of the interleave 
or the like, the metric signals M1' and M2' by the 
inverse transformation are signals which are merely 
reverse in order from the metric signals M1 and 
M2. The two received signal sequences SR1 and 
SR2 of different metrics are provided from the 
inverse transformation circuits 31 and 32 to the 
signal reconstruction part 33, which generates op- 
timal demodulated data DO and provides it to the 
output terminal OUT. The demodulated data can be 
generated by various methods such as those (1) 
which selects the received signal sequence of the 
larger metric, (2) which weights the decided re- 
ceived signal sequence with the metric, then com- 
bines it with the other signal sequence and makes 
a decision, and (3) which performs only interleave 
in the inverse transformation and performs error 
correction decoding while selecting data of the 
received signal sequence of the larger metric. 

The operation described above is basically the 
same in the handoff and the multi-station transmis- 
sion system. However, the handoff has a capability 
of stopping signal transmission from the old zone 
when the intensity of the field for receiving radio 
waves from the new zone increases. While in the 
above the same signal has been described to be 
sent from two base stations, it may be sent from 
three or more base stations BS1, BS2, BS3, ... as 
indicated by the broken-lined base station BS3 of a 
third adjacent zone in Fig. 2. Letting the number of 
base stations be represented by N, the signal sep- 
aration part 20 in Fig. 6A needs only to be pro- 
vided with N subtraction circuits 21 A1, 21 A2 N 

replica generators 22R1, 22R2, N switches 

26S1, 26S2 and N registers 27G1, 27G2 In 

the case of the signal separation part 20 shown in 
Fig. 6B, N combiners 22A1, 22A2, .... N decision 
circuits 24D1, 24D2, .... N difference circuits 23E1, 

23E2 N control circuits 25C1, 25C2 N 

switches 26S1, 26S2, ... and N registers 27G1, 
27G2, ... are provided in association with the sig- 
nals Y1, Y2, ... from N receivers 19R1. 19R2, .... 
Furthermore, N 2 weighting circuit 21 Wn 21W NN 



are provided for conducting N sets of weighted 
additions for the N input signals Y1 , Y2, .... 

Thus, the present invention permits zone 
switching through use of the same channel regard- 

5 less of the access scheme used. Since no interrup- 
tion occurs at the time of zone switching, the 
reliability of fast digital signal transmission will not 
be impaired. Besides, the receiving field intensity 
decreases at the time of zone switching, since the 

70 mobile station usually moves near the zone bound- 
ary; according to the present invention, however, 
the mobile station simultaneously receives signals 
from a plurality of base stations-this produces a 
diversity effect and hence improves the transmis- 

15 sion characteristic. 

Hence, the present invention is effective when 
applied to a high-capacity, multimedia-oriented 
digital mobile communications and portable tele- 
phone systems, furthermore, it is effective when 

20 dividing a wide area into a plurality of zones and 
performing transmission in the broadcast mode. 

Claims 

25 1. In a mobile communication system in which 
the service area is divided into a plurality of 
zones each having a base station and a mobile 
station performs communication via said base 
station of its visited zone, a multi-station trans- 

30 mission method which transmits the same sig- 

nal from said base station of said visited zone 
and the base station of at least one adjacent 
zone when said mobile station moves across 
the boundary between said visited zone and 

35 said adjacent zone, comprising the steps: 

(a) wherein the same forward signal se- 
quence destined for said mobile station is 
transmitted to N base stations including said 
base station of said visited zone and said 

40 base station of said at least one adjacent 

zone, said N being an integer equal to or 
greater than 2; 

(b) wherein each of said N base stations 
renders said forward signal sequence re- 

45 ceived to a transmission signal sequence 

and adds predetermined pseudo-orthogonal 
training signals to said transmission signal 
sequence for each frame to generate a 
framed signal sequence; 

so (c) wherein said N base stations each trans- 

mit said framed signal sequence by trans- 
mitting radio waves of the same channel; 
and 

(d) wherein said mobile station receives 
55 said transmitting radio waves from said 

base stations, then separates said radio 
waves into N transmitted signal sequences 
from said base stations through use of said 
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N preknown training signals and obtains a 
desired received signal sequence from 
them. 

2. The method of claim 1 , which includes, prior to £ 
said step (b) f a step of transforming said for- 
ward signal sequence into N different transmis- 
sion signal sequences by a desired transfor- 
mation procedure and includes a step of ob- 
taining N received signal sequences by sub- n 
jecting said N transmitted signal sequences 
separated in said step (d) to processing of a 
transformation procedure inverse from said 
transformation procedure. 

16 

3. The method of claim 2, wherein said trans- 
formation procedure is one that reduces the 
cross-correlation of said N transmission signal 
sequences. 

20 

4. The method of claim 3, wherein said trans- 
formation procedure is a procedure of inter- 
leaving said forward signal sequence at least 
(N-1) timings to obtain said at least N different 
transmission signal sequences. 25 

5. The method of claim 3. wherein said trans- 
formation procedure is a procedure of spread- 
ing said forward signal sequence by at least 
(N-1) different scramble codes to obtain said at 30 
least N different transmission signal se- 
quences. 

6. The method of claim 1, wherein said step (d) 
comprises steps of: estimating characteristics 35 
of channels from said base stations through 

use of said N preknown training signals during 
the reception of said training signals in said 
received signals; generating, from said esti- 
mated channel characteristics, N replicas 40 
which simulate said framed signal sequences; 
subtracting said N replicas from said received 
signal sequences; and making a maximum 
likelihood estimation in such a manner to mini- 
mize the resulting estimation error, thereby 45 
determining said N transmitted signal se- 
quences. 

. The method of claim 1 , further comprising the 
steps: wherein said mobile station receives 50 
combined waves of said transmitted radio 
waves by N receivers via N different antennas; 
wherein N sets of weighting factors, each set 
composed of N weighting factors, are deter- 
mined by determining said N weighting factors, 55 
for each of said N training signals, so that a 
signal sequence, obtained by weighting base 
band outputs from said N receivers with N 



weighting factors and adding them together in 
said training signal period in said received 
signal, matches one of said N training signals; 
and wherein N output signal sequences, ob- 
tained by weighting said N base band outputs 
with said N sets of weighting factors and add- 
ing them together in said data signal period in 
said received signal, are determined to be said 
N transmitted signal sequences. 

8. The method of claim 1, wherein said step (d) 
includes a step of obtaining metric for each of 
said N output signal sequences and a step of 
selecting and outputting that one of said N 
output signal sequences which has the maxi- 
mum metric. 

9. A receiver for a mobile station which receives, 
from a base station of each of N adjacent 
zones, a modulated wave obtained by framing 
N pseudo-orthogonal signal sequences result- 
ing from a transformation of the same signal 
and added with orthogonal training signals and 
selectively outputs the signal sequence trans- 
mitted from a desired base station, said re- 
ceiver comprising: 

signal separation means which separates, 
by N preknown pseudo-orthogonal training sig- 
nal patterns, a received wave in the same 
channel into N received signal sequences cor- 
responding to said training signal patterns and 
outputs metrics indicating their reliability, said 
N being an integer equal to or greater than 2; 

inverse transformation means whereby 
said N separated received signal sequences 
are subjected to a transformation inverse from 
that effected at the transmitting side to restore 
said N transmitted signal sequences; and 

means which selectively outputs that one 
of said N restored transmitted signal se- 
quences which has the largest metric at the 
time of said signal separation. 

10. The receiver of claim 9, wherein said signal 
separation means comprises: 

N replica generating means which, upon 
each input of a received signal, generates N 
signal sequence candidates to simulate chan- 
nels from said base stations under control of 
given channel parameters and generates N 
replicas for said received signal from said re- 
ceived signal sequence candidates; 

subtracting means for subtracting said N 
replicas from said received signal and for out- 
putting an estimation error; 

maximum likelihood sequence estimation 
means which, upon each input of said received 
signal, sequentially generates all received sig- 
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nai sequence candidates, calculates the likeli- 
hood for each of said candidates from said 
estimation error and decides that one of said 
received signal sequences which has the maxi- 
mum likelihood; 5 

pattern holding means for holding training 
signal patterns peculiar to said N adjacent 
zones; 

switching means through which, during the 
reception of said training signals in said re- io 
ceived signal, said N training signal patterns 
are supplied from said pattern holding means 
to said N replica generating means to generate 
replicas of said training signals; and 

channel parameter generating means 75 
which generates channel parameters to be pro- 
vided to said replica generating means so that 
said estimation error becomes minimum. 

11. The receiver of claim 9 which has N antennas 20 
provided at different positions and wherein said 
signal separation means comprises: 

N weighted addition means which generate 
N weighted added values for N received sig- 
nals from said N antennas; 25 

N decision means which decide the levels 
of the outputs from said N weighted addition 
means and output said received signals; 

pattern holding means which holds training 
signal patterns peculiar to said N adjacent 30 
zones; 

N subtracting means each of which obtains 
the difference between the output from one of 
said weighted addition means and said training 
signal patterns from one of said pattern holding 35 
means during the reception of said training 
signal in said received signal; and 

N control means which determines a 
weighting factor of said weighted addition 
means which minimizes said difference, during ao 
the training signal receiving period. 
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